Abstract. In order to find out that if it is available to apply the asphalt mixture with small particle size and large porosity to the ultra-thin wearing layer, a kind of open-graded asphalt mixture whose nominal maximum aggregate size is 4.75mm and void ratio is greater than 20% is designed in this article. The rutting test, low-temperature bending test, freeze-thaw split test, pendulum friction coefficient test, manual sand patch test and permeability test are conducted to evaluate the road performance and surface behavior like high-temperature stability, low-temperature, water stability, friction and permeability. The test results shows that the asphalt mixture's 60℃ dynamic stability is 8201 times /mm, ultimate bending strain is 2896 με, the residual strength ratio of freeze-thaw split is 83.94%, BPN is 69, the texture depth is 0.71mm, and water permeability coefficient is 6857mL/min. It can be concluded that the asphalt mixture with small particle sized aggregate and large porosity has good road performance, whose high-temperature stability, anti-skid performance and drainage performance are excellent. Compared with road performance of OGFC-13, small particle asphalt mixture can also be used as ultra-thin wearing course.
Introduction
Up to now, China's expressway construction has lasted for 30 years and many early-built expressways have also entered the maintenance phase. For the pavement whose structure layer is still in good condition, but the surface function decreases, the ultra-thin wearing course can be adopted for treatment to improve its performance and extend its service life [1, 2] . Based on the mix design method of permeable asphalt pavement (PAC) mixture, the high viscosity modified asphalt was used as the binder to design a small particle size and large porosity asphalt mixture with a nominal maximum particle size of 4.75 mm. This kind of asphalt mixture is designed for ultra-thin wearing layer and the high-temperature stability, low-temperature crack resistance, water stability, anti-skid performance, drainage performance are tested. At present, the domestic research on PAC mainly focuses on PAC-13, and has been applied in engineering for the upper layer of asphalt pavement [3] . Compared with the current study of permeable pavement, the maximum aggregate size of asphalt mixture studied in this paper is less than 9.5mm, which is much smaller than the maximum aggregate size of PAC-13 16 mm. PAC-13 is applied to the upper layer of asphalt pavement, and its thickness is usually no less than 4cm. The asphalt mixture studied in this paper is applied to the ultra-thin wearing layer and has a thickness of 1.5~2.5cm.
Material Properties and Mix Design

Material Properties
High Viscosity Modified Asphalt. The drainage asphalt pavement has a large void ratio and then the contact area between the aggregates is reduced and the ability of asphalt to bind aggregate is reduced. As result, the strength and durability of the drainage asphalt mixture are not as good as the dense grade asphalt mixture. In order to enhance the adhesion inside the ultra-thin wearing layer and improve the high-temperature stability and strength of the mixture [4] , the high viscosity modified asphalt was used as the binder. The high viscosity modified asphalt is prepared by mixing a certain proportion of high viscosity modifier in matrix asphalt or modified asphalt. SBS modified asphalt was selected as the original asphalt.
The high viscosity modifier is composed of coupling agent, thermoplastic rubber, tackifier, plasticizer and colorant, among which thermoplastic rubber is the main component. The high viscosity modifier has a dark blue appearance and is cylindrical, as shown in Figure 1 . When the ratio of SBS modified asphalt to high viscosity modifier is 86:14, the comprehensive performance of asphalt is the best. The indexes of the high viscosity modified asphalt are shown in Table 1 . Compared with SBS modified asphalt without the addition of high viscosity modifier, penetration and ductility of high viscosity modified asphalt decreased, softening point increased significantly, which indicated that the viscosity and heat resistance of asphalt increased.
Aggregate and Mineral Powder. In order to ensure sufficient strength and durability of the pavement, Maudi aggregate with hard texture is selected. The small particle size asphalt mixture has a large void ratio and is vulnerable to environmental water. In order to prevent asphalt pavement from water damage and ensure good water stability of asphalt mixture, the filler used requires mineral powder obtained by grinding a hydrophobic stone such as a strong-basic rock in limestone or magmatic rock which meets the requirements of construction technical specifications.
Asphalt Mixture Mix Design
At home and abroad, there are few researches and applications on small particle size and large porosity asphalt mixture [5] . China has not standardized on the gradation of such mixture. Based on the Dutch gradation and combined with the gradation range of ultra-thin wearing layer in the United States, the gradation composition of the small particle size and large porosity asphalt mixture is determined. The gradation curve is shown in Figure 2 . According to the technical specifications and based on the theoretical formula of the surface area principle of mineral materials, the asphalt consumption was estimated by theoretical calculation. Then the initial oil-stone ratio was calculated to be 5.1%. As result, five groups of oil-stone ratios were obtained, which were 4.1%, 4.6%, 5.1%, 5.6%, and 6.1%, respectively. Marshall specimens were formed by using the design grading and oil-stone ratio mentioned above. Shellenberg asphalt leakage test and Kentuckburg flying test were used to determine the optimum oil-stone ratio. The results of the leakage test and the flying test are shown in Figure 3 . According to the requirements of the specification, the leakage loss rate of asphalt mixture should be less than 0.3% and the flying loss rate should not be greater than 20%. When the optimal oil-stone ratio is 4.6%, the leakage loss rate of small particle size asphalt mixture is less than 0.3% and its flying loss rate is about 7%, which ensures good adhesion of the asphalt mixture.
Road Performance Evaluation
In order to guarantee the excellent road performance of ultra-thin wearing layer small particle asphalt mixture, road performances like high-temperature stability, low-temperature crack resistance and water stability and functional characteristics like anti-skid ability and drainage capacity were tested and studied.
High-temperature Stability
The high-temperature stability of small particle size asphalt mixture was tested by rutting test. The rutting test results are shown in Figure 4 . The results of rutting test show that the dynamic stability of small particle size asphalt mixture is 8201 times/mm, which is much higher than the standard of the dynamic stability of more than 3000 times/mm in the specification. The small size asphalt mixture has good high-temperature stability and rutting resistance.
Low Temperature Crack Resistance
Low-temperature bending test was taken to evaluate the low-temperature performance of small particle size asphalt mixture. The flexural tensile strength, ultimate bending strain and flexural stiffness modulus of small particle size asphalt mixture are shown in Table 2 . According to the requirements of the construction technical specifications, the ultimate bending strain of the modified asphalt mixture should be not less than 2500με. So the low-temperature performance of the small particle size asphalt mixture met the specifications.
Water Stability
The freeze-thaw split test was taken to test the water stability of small particle size asphalt mixture, and the freeze-thaw split test strength ratio (TSR) was used as the evaluation index of water stability. The results of the freeze-thaw split test are shown in table 3. According to the requirements of construction technical specifications, when the annual rainfall exceeds 500mm, the TSR of the modified asphalt mixture should be not less than 80%. The TSR of the small particle size asphalt mixture is about 84%, satisfying technical requirements of water stability of asphalt mixture.
Anti-skid Performance
The skid resistance of small particle size asphalt mixture was tested by pendulum friction coefficient test and manual sand laying method. The BPN pendulum value and surface structure depth (TD) were used to comprehensively evaluate the anti-skid performance of ultra-thin wearing course small particle size asphalt mixture. The results of pendulum friction coefficient test and manual sanding test are shown in Table 4 and Table 5 . 
Mixture type
Void ratio/% BPN Technical requirement Small particle size asphalt mixture 20 69 ≧45 According to the test results of anti-skid performance mentioned above, the structure of the small particle size ultra-thin wearing course can well meet the anti-skid requirements of the asphalt pavement. So the characteristics of the mixture with small particle size and large void ratio can guarantee the excellent skid resistance of asphalt pavement.
Drainage Performance
The indoor permeability test was taken to test the drainage performance of small particle size asphalt mixture. The test results of permeability coefficient are shown in Table 6 . Table 6 . Test results of permeability coefficient.
Mixture type
Void ratio /% Permeability coefficient /ml/min Technical requirement
Small particle size asphalt mixture 20 6857 ≧3600
The permeability coefficient of the ultra-thin wearing course with small particle size measured by the indoor penetration test is almost twice that of the specification. It can be concluded that this kind of structure with large void ratio and small particle size makes the mixture form developed internal channels. Consequently, small particle size asphalt mixture has good drainage performance and can discharge the road surface precipitation quickly.
Road Performance Comparison
OGFC-13 is the most commonly used form of permeable asphalt pavement, which can be used for paving ultra-thin wearing layer of highway. The road performance of OGFC-13 has great reference value for studying the road performance of small particle size asphalt mixture. In order to explore the feasibility of using asphalt mixture with small particle size and large porosity as ultra-thin wearing layer, the pavement performances of small particle size asphalt mixture and OGFC-13 were compared. The road performance data of OGFC-13 using TPS modified asphalt as binder refers to Li Hongping's research on road performance of OGFC-13 [6] . The road performance comparison between small particle size asphalt mixture and OGFC-13 is shown in Table 7 . Table 7 . Comparison of road performance between small particle size asphalt mixture and OGFC-13.
Inspection item
Small particle size asphalt mixture As can be seen from the data in Table 12 , the high temperature performance of OGFC-13 is better than that of small particle size asphalt mixture. The large particle size aggregate is more likely to form an embedded structure, which improves the strength of the mixture. Compared with the skeleton-gap structure formed by small particle size aggregate, the skeleton-gap structure formed by large particle size aggregate is more conducive to improving the high temperature deformation resistance of the asphalt mixture. The low-temperature bending strain of the small particle size asphalt mixture is higher than that of OGFC-13, which means small particle size asphalt mixture can withstand a larger range of low-temperature deformation resistance. However, the bending stiffness modulus of small particle size asphalt mixture is lower than that of OGFC-13 and the tensile strength of OGFC-13 is higher. Therefore, the small particle size asphalt mixture is more suitable for colder areas compared with OGFC-13. TSR of the small particle size asphalt mixture is close to OGFC-13, and the water stability of the two is similar. The water stability of asphalt mixture is closely related to the void ratio and TSR decreases with the increase of the void ratio [7] . The void ratio of the small particle size asphalt mixture and OGFC-13 is about 20% and their TSR is close, indicating that water stability has little to do with aggregate size.
Comparing with the road performances of OGFC-13 and small particle size asphalt mixture, there is little difference between them. Although the high-temperature stability of small particle size asphalt mixture has a certain gap with that of OGFC-13, its dynamic stability is far greater than the specification requirement. So there is no need to worry about the problem of high-temperature stability. The small particle size asphalt mixture has good road performance with outstanding high temperature stability, anti-sliding performance and drainage performance, and can be considered to be paved as ultra-thin wearing layer.
Conclusions
（1）
The small particle size asphalt mixture has good high temperature stability, which helps to improve the road surface resistance to deformation in high temperature weather and reduce the occurrence of rutting diseases. Small particle size asphalt mixture ultra-thin wearing layer has good road surface evenness.
（2）
The void ratio up to 20% can make the road surface rain discharge downward in time. It can reduce water mist and water drift in rainy days, which is conducive to driving safety. Furthermore, it has the function of noise reduction that the large void ratio structure can reduce the noise generated by the car [8, 9] .
（3）
The thickness of small particle size asphalt mixture paved for ultra-thin wearing layer is only 15-25 mm, and its maximum aggregate size is less than 10 mm. It is easier for small particle size asphalt mixture to be compacted. Small particle size asphalt mixture is convenient for construction and the construction quality can be effectively guaranteed.
（4）
The water stability of the asphalt mixture with skeleton-gap structure is worse than that of the asphalt mixture with dense structure. For small particle size asphalt mixture, the void ratio and water stability should be weighed. It is better to use a suitable void ratio to make ultra-thin wearing layer have sufficient water stability in the case of sufficient drainage. It can also be added with anti-stripping agent such as slaked lime to improve water stability [10] .
